The taxonomy and nomenclature of the genus Huperzia Bernh. in the Azores and Madeira have been reviewed. Plants collected in the Azores and Madeira were characterized morphologically. The independence between two endemic species common to Madeira and the Azores Islands -Huperzia suberecta (Lowe) Tardieu and Huperzia dentata (Herter) Holub -is clearly shown. A clear-cut morphological separation between these taxa and Huperzia selago (L.) Bernh. ex Schrank & Mart. of continental Europe is established.
INTRODUCTION
Lycopodiaceae P.Beauv. ex Mirb. sensu lato is a family with a cosmopolitan distribution, consisting of between 200 and 500 species according to Øllgaard (1987) , although other authors, including Wagner & Beitel (1993+) , recognised approximately 350-400 species. Some authors have proposed the division of the family, recognising the family Huperziaceae Rothm. (Salvo, 1990) ; however, most researchers support the maintenance of Lycopodiaceae sensu lato (Rothmaler, 1964 (Rothmaler, , 1993 Villar, 1986; Øllgaard, 1987 , 1992 Wagner & Beitel, 1992 .
With regard to the systematics of Lycopodiaceae, some North American flora specialists (Wagner & Beitel, 1992 have considered many genera: Phlegmariurus Holub, Huperzia Bernh., Lycopodium L., Diphasiastrum Holub, Palinhae Vasc. & Franco, Pseudolycopodiella Holub and Lycopodiella Holub.
Most authors have accepted this systematic treatment of Lycopodiaceae in Europe, including the genera Huperzia, Lycopodium, Diphasiastrum and Lycopodiella (Rothmaler, 1964 (Rothmaler, , 1993 Villar, 1986) . However, Øllgaard (1987) suggested a more synthetic treatment for the whole family, with Huperzia, Lycopodium, Lycopodiella and Phylloglossum Kunze.
The diversity of Lycopodiaceae in continental Europe (Rothmaler, 1993) is quite low when compared with the diversity described on other continents (Wagner & Beitel, 1992) , or even when compared with other Holarctic regions, such as North America (Wagner & Beitel, 1993+) (Table 1 ). The diversity in the Macaronesian archipelagos is also low, and the highest value is found in the Azores and Madeira, the only areas in which plants of the genus Huperzia grow (Hansen & Sunding, 1993) (Table 1) .
Plants of Huperzia with leaves without teeth in the margin (entire margin) are frequent in Madeira, where plants with these characteristics (Benl, 1971) were described by Lowe (1831) as Lycopodium suberectum [= Huperzia suberecta (Lowe) Tardieu]. Conversely, these plants are less frequent in the Azores. Nevertheless, Watson (1843 Watson ( , 1844 Watson ( , 1870 noted the existence of plants with these characteristics on the islands of Pico and Terceira; this author identified such plants as Lycopodium selago L. [= Huperzia selago (L.) Bernh. ex Schrank & Mart.] , and this classification was accepted by Drouet (1866) and Trelease (1897) . This same treatment was accepted by more recent authors, such as Rothmaler (1964 ), Franco (1971 , Jalas & Suominen (1972) , Wilmanns & Rasbach (1973) , Ormonde & Fernandes (1980a) and Rothmaler (1993) . In the same way, Benl (1971) , Ormonde (1990) , Salvo (1990) and Hansen & Sunding (1993) identified as H. selago the plants of the Azores and Madeira with leaves with entire margin.
Baker (1887) proposed that such plants leaves with entire margins in Madeira and the Azores should be identified as L. suberectum. However, this author believes that L. suberectum should be systematized as a variety of L. selago; this systematic treatment was formalized by Trelease (1897) and accepted by de Menezes (1914) .
Moreover, plants of the genus Huperzia with a denticulate margin are extremely rare on Madeira (two known locations; R. Jardim, Jardim Botânico da Madeira, pers. comm.), but are common in the Azores. Many authors (Seubert & Hochstetter, 1843; Watson, 1843 Watson, , 1844 Watson, , 1870 Seubert, 1844; Drouet, 1866; Tre-lease, 1897) mistakenly identified the Azorean plants with such characteristics as 'L. suberectum Lowe'. Later, Herter (1909) described the Azorean plants with denticulate margins as Lycopodium dentatum [= Huperzia dentata (Herter) Holub] [= H. selago subsp. dentata (Herter) Valentine]; this latter treatment was accepted by Rothmaler (1964) and Palhinha (1966) , although Palhinha was unsure of the identity of L. suberectum and L. dentatum. Benl (1971) proposed that the name L. suberectum should be applied to Azorean and Madeiran plants of the genus Huperzia with entire margins. As a result, many authors (Jalas & Suominen, 1972; Sjögren, 1973 Sjögren, , 1979 Wilmanns & Rasbach, 1973; Ormonde & Fernandes, 1980b; Ormonde, 1990; Hansen & Sunding, 1993; Rothmaler, 1993) identified them as H. dentata plants with denticulate margins. However, other authors (Vasconcellos & Franco, 1967; Franco, 1971; Salvo, 1990) continue to accept the synonymy of L. suberectum and L. dentatum, and therefore Azorean plants with denticulate margins are identified as H. suberecta.
Not all authors agree about the presence in the Azores and Madeira of two different taxa in the genus Huperzia; in this regard, Ward (1970) doubted this taxonomic segregation on the grounds that the shape of the leaf margin was highly variable.
Finally, Schäfer (2001 Schäfer ( , 2002 and Silva et al. (2005) systematized the Azorean and Madeiran plants Table 1 . Diversity of Lycopodiaceae. Genus classification according to Wagner & Beitel (1992) . Diversity (number of species per genus) and distribution according to Wagner & Beitel (1993+) . Continental Europe (CE) diversity following Rothmaler (1964) ; Macaronesian diversity (Az, Md, Ca, Cv: number of species per genus in the Azores, Madeira, Canaries and Cape Verde, respectively) according to Hansen & Sunding (1993) ; North American (NA) diversity following Wagner & Beitel (1993+) of the genus Huperzia into two different species: plants with denticulate margins were identified as H. dentata and plants with entire margins were identified as H. suberecta. The same treatment was applied (Press & Short, 1994; Costa et al., 2004) to Madeiran plants.
Thus, it can be deduced that the current systematic treatment of the genus Huperzia in the Azores and Madeira is still not based on precise criteria, and their systematic nomenclature and chorology remain unclear and imprecise. This article attempts to clarify both the systematics and nomenclature of plants of the genus Huperzia in the Azores and Madeira through a comparative morphological study of plants collected in both archipelagos and in continental Europe.
MATERIAL AND METHODS
Leaves, bulbils and spores were extracted from plants of the genus Huperzia collected by the authors in the Azores and from preserved specimens in herbaria (MAD and FCO).
Morphological characters studied in this work were the presence/absence of bulbils, the shape of the leaf margins, the distribution of stomata in the epidermis of the leaves and the form and ornamentation of the spores.
Observation of the epidermis extracted from the leaves and cleaned with lactophenol was carried out using an optical microscope (OM). Using the methodology proposed by Wodehouse (1935) and observation by OM, the sizes of 30 spores collected from each sample were measured: the length of the polar axis (P) and the equatorial diameters (E 1 and E2) were measured, and the ratio P/E1 was calculated. For each sample, the arithmetic means of these three variables were calculated. An analysis of variance was performed (general univariant linear model) in order to establish whether there were significant differences for each of these variables between the three taxa considered. To perform this analysis, each sample was assigned to one of the three species considered (H. selago, H. suberecta and H. dentata), and this was the only fixed factor. In the case of statistically significant differences between the three taxa, a post hoc test (Duncan test) was carried out in order to evaluate these differences; all tests were conducted taking into account the value a = 0.05.
The outline of the morphology of the spores was observed by OM. The external morphology and ornamentation of the spores were studied by scanning electron microscopy (SEM), with the treatment of the spores proposed by Bueno & de Llanos (1991) for pollen grains.
RESULTS
All the samples studied were perennial, terricolous, erect herbs which formed small, isolated tufts without horizontal stems. The stems had a circular crosssection and dichotomous branching. The leaves were monomorphic, triangular, wider at the base, to lanceolate, not in distinct ranks, and spreadingascending (in shade) to appressed-ascending (in sun).
The leaves had entire margins in all samples from continental Europe, in two samples from the Azores (AZO 1 and AZO 2) and in all samples from Madeira, with the exception of MAD 3B (Table 2) . Moreover, the margin of the leaf was denticulate in most samples from the Azores (AZO 3-7) and in a sample collected on Madeira (MAD 3A) (Table 2) ( Fig. 1 ).
All samples having leaves with denticulate margins had stomata only on the underside (abaxial side); they were hypostomatic ( No sample from the Azores or Madeira with denticulate margin leaves produced bulbils. The presence of bulbils was detected in all Madeiran and Azorean samples with entire margin leaves and in most samples from continental Europe with the same characteristic (Table 2) ( Fig. 7) . Only two samples from Picos de Europa (ESP 2 and ESP 3) showed no such reproductive structures; in both cases, the plants were immature.
All samples had free, anisopolar, radially symmetrical, tetrahedral, trilete, medium-sized spores. The data obtained with OM are presented in Table 3 . The analysis of variance showed significant differences to specific level in three of the four variables considered: Figure 1 . Epidermis of adaxial side, without stoma, of denticulate margin leaf of Huperzia dentata (sample AZO 4). length of the polar axis P (F = 10.32, P < 0.01), length of the equatorial diameter E2 (F = 11.03, P < 0.01) and P/E1 ratio (F = 8.17, P < 0.01). Differences in the equatorial diameter E1 were not significant (F = 3.42, P = 0.06) (Fig. 8) . The results of Duncan's test showed that, in H. dentata, the average values of the variables P and E2 were significantly different from those of the spores of the other two species. The spores of H. suberecta showed an intermediate value of the P/E1 ratio in comparison with the values of the other two species studied (H. dentata and H. selago), which were markedly different from each other (Fig. 8) .
In equatorial view with OM, the spores of samples with entire margin leaves [from both continental Europe (H. selago) and the Azores and Madeira (H. suberecta)] had a triangular outline with straight to concave sides and truncate angles (Figs 9, 10). By contrast, samples with denticulate margin leaves (H. dentata) (collected in both Madeira and the Azores) had spores with a subtriangular outline, with straight to somewhat convex sides and rounded to angular angles (Fig. 11) .
The observation of spores by SEM showed that those from all the samples from the Azores and Madeira, with either entire (H. suberecta) or denticulate (H. dentata) margin leaves, were irregularly foveolated on the distal face and psilate on the HUPERZIA IN THE AZORES AND MADEIRA 527 faces of the proximal pole (Table 2) (Figs 12, 13) . By contrast, in all the continental samples studied (H. selago), the spores were irregularly foveolated on all faces, and the foveolae on the distal face showed a higher density than those for species from the Atlantic archipelagos (Table 2) (Figs 14,  15 ).
DISCUSSION AND CONCLUSIONS
All consulted authors (Baker, 1887; Rothmaler, 1964 Rothmaler, , 1993 Villar, 1986; Salvo, 1990) considered H. selago to be the only species of the genus Huperzia present in continental Europe. The characteristics of the studied samples from this region coincide with those described by these authors for H. selago, mainly in terms of habit, foliar characteristics, phyllotaxis, size, position of the bulbils etc. All samples have leaves with entire margins and with stoma on both faces (amphistomatic), as previously indicated by Wagner & Beitel (1993+) for North American plants identified as H. selago.
In equatorial view, the form of the spores of North American plants identified as H. selago agrees with previous data supplied by many authors (Wilson, 1934; Wilce, 1972; Beitel & Mickel, 1992; Wagner & Beitel, 1992 : spores with straight to concave sides and truncated angles. This morphology of the spores has not been described previously for mainland European plants, and it is difficult to analyse the images obtained by OM (Hooker, 1861; Villar, 1986; Salvo, 1990) , or by SEM (Ferrarini et al., 1986) . It is also not easy to infer the morphology of the spores from our images obtained by SEM. 
Plants of H. selago collected in continental Europe
show irregularly foveolated spores on all faces. This agrees with the observations of Villar (1986) in plants of H. selago collected in Girona (Spain). However, our results differ from those published by Ferrarini et al. (1986) , who reported that the spores of H. selago are exine psilate on the proximal face; nevertheless, the image contained in this work shows spores with clearly foveolated proximal faces. The foveolated ornamentation of these spores agrees with the observations of Wilce (1972) , who included the 'selago type' in the 'foveolate-fossulate group'. According to this author, the spores are characterized by 'pits or grooves which occur on both proximal and distal surfaces'; Wilson (1934) described H. selago spores in North America as 'papillation of exine uniform, evenly distributed'. Similarly, Wilce (1972) specified that, in the spores from the 'selago type', 'the prominence of the proximal pitting' could vary.
Concerning Azorean and Madeiran plants, usually included in the genus Huperzia, our results show the existence of two different forms: the first with entire margin leaves, identified as H. suberecta, and the second with denticulate margin leaves, identified as H. dentata. This systematic treatment is accepted by most modern authors (Press & Short, 1994; Schäfer, 2001 Schäfer, , 2002 Costa et al., 2004; Silva et al., 2005) .
Our results indicate that Macaronesian plants identified as H. suberecta have bulbils, whereas such reproductive structures do not appear in plants of the same origin identified as H. dentata; these results are in line with those of Ormonde & Fernandes (1980a, b) . Bulbils appear in all Holarctic species of the genus, in both European species and those growing in North America (Wagner & Beitel, 1992 . Nevertheless, and according to Øllgaard (1987, 1992) , this characteristic is exclusive to plants belonging to the 'H. selago group', and this author included H. dentata in the 'Huperzia reflexa group', composed of erect and homophyllous plants, usually with denticulate leaves, which mainly grow in open habitats of mountain forests. Conversely, Herter (1909) included H. dentata and H. selago, in the 'Series (Gruppe) Selagina' from 'Sectio I. Selaginurus', instead of including it in the 'Series Reflexa' from 'Sectio II. Crassistachys', also described in the same work (Herter, 1909) .
Leaves of plants from the Azores and Madeira treated as H. suberecta are amphistomatic, whereas plants of H. dentata from the same geographical origin have hypostomatic leaves.
According to Wagner & Beitel (1993+) , all North American plants from the genus Huperzia are characterized by amphistomatic leaves with entire margins; an exception to this rule is H. lucidula (Michx.) Trevis., in which the leaves are hypostomatic with denticulate margins. Pita, de Menezes & Prado (2006) , studying species of the genus Huperzia in Brazil, concluded that most have amphistomatic leaves; those with hypostomatic or epistomatic leaves are less frequent; hypostomatic leaves were exclusively detected in H. hemleri (Nessel) B.Øllg., included in the 'H. reflexa group' (Øllgaard, 1987, 1992) .
Spores from H. suberecta and H. dentata are homogeneous in their external ornamentation; in both cases, they are irregularly foveolated on the distal face and psilate on the faces of the proximal pole. Observations by SEM of plants from the Azores and Madeira agree, broadly speaking, with those of Ormonde & Fernandes (1980a, b) . However, we did not observe, in any of our samples, the papillae described by Ormonde & Fernandes (1980a) in the spores of the Azorean plants with entire leaf margins; according to these authors, these structures are lacking in Azorean plants with denticulate leaf margins (Ormonde & Fernandes, 1980b) . The presence of papillae in spores was considered by Salvo (1990) as a relevant character of Azorean and Madeiran plants with entire leaf margins, as they are absent in plants of the same origin identified as H. dentata.
In equatorial view, differences were found in the external shape of the spores of H. suberecta and H. dentata; the spores of plants identified as H. suberecta were similar to those of H. selago. As postulated by Øllgaard (1987) , the presence of bulbils in plants of the genus Huperzia is found in plants with 'selago type' spores (Wilce, 1972) . In agreement with this criterion and in response to the characterization of the 'H. selago group' (Øllgaard, 1987) , H. suberecta can be included in this group.
Given the shape of the outline of H. dentata spores, this species should be included in the 'phlegmaria type', described by Wilce (1972) . As a result, Wagner & Beitel (1992 included this species in Phlegmariurus, a diverse tropical genus with a broad distribution ( Table 1) .
The characteristics attributed to the plants of the genus cited above (epiphytes, pendulum, without bulbils) are different from those found in European plants identified as H. selago. Øllgaard (1987) suggested a broader interpretation of the genus Huperzia, including it in the genus Phlegmariurus. The same author (Øllgaard, 1987) agreed with Wilce (1972) , noting the presence of spores of the 'phleg-maria type' in plants of the genus Huperzia that should not be included in the 'Huperzia phlegmaria group'; indeed, he noted the presence of such spores in H. reflexa (Lam.) Trevis., included in the 'Huperzia reflexa group', the same group in which this author included H. dentata. Pita et al. (2006) indicated the same morphology of the spores in H. treitubensis (Silveira) B. Øllg., a 'Huperzia brongniartii group' of plants, which, like the previous group, is basically neotropical (Øllgaard, 1987, 1992) .
The results of this study call into question the use of the shape of the spores as a criterion to discriminate between plants of the genera Phlegmariurus and Huperzia, as proposed by Wagner & Beitel (1992 for North American plants. In summary, our results are in agreement with those of Øllgaard (1987) in terms of the systematic treatment of the family Lycopodiaceae and the characterization of the genus Huperzia. According to the systematic treatment of the genus Huperzia established by the same author (Øllgaard, 1987) , the plants studied in this work should be classified into three different taxa, systematized into two infrageneric groups: H. selago and H. suberecta in the 'H. selago group' and H. dentata in the 'H. reflexa group.'
For the identification of the plants of the genus Huperzia studied in this work, we propose the following key: Huperzia selago is found in cold temperate areas of the boreal hemisphere, but its presence has also been noted in the austral hemisphere (Villar, 1986) . In southern Europe, it grows only in mountainous areas, and, in the Iberian Peninsula, it reaches its southern border at the Sistema Central (Rico & Romero, 1983 
